Section 1: Expression screen of I-SceI variants 
Since no structural information is available on FokI bound to and cleaving DNA, we modeled the structural mechanism of the wild-type FokI type IIS endonuclease following the approach previously described by Wah et al (1) , using available structures of monomeric FokI bound to DNA in an inactive, sequestered conformation (2), dimeric FokI without DNA (1) , and BamHI bound to DNA (3) . First the DNA-free FokI dimer structure was aligned to a crystal structure of the complex of BamHI and DNA ( Figure 2S(a) ). In this model, the three catalytic residues of each FokI monomer are in a similar location to their homologous BamHI catalytic residue, with the FokI catalytic residues positioned over DNA-backbone phosphates to produce the four-base overhangs found in FokI digestion products. Next we aligned the DNA backbones from the model of the FokI catalytic domain dimer on DNA ( Figure 2S(a) ) and from a crystal structure of the FokI monomer bound to DNA ( Figure 2S(b) ) so that the cleavage domains were positioned at the FokI native cut sites, nine and thirteen bases downstream of the target site (9/13). The cut thirteen bases from the target site is made by the FokI molecule whose DNA-binding domain was modeled to bind the target site, whereas the cut nine bases from the target site is made by the second FokI catalytic domain, which is positioned through nonconvalent interactions between the two catalytic domains. Modeling of the fifteen-residue native linker that connects the C-terminus of the recognition domain to the N-terminus of the closer of the two catalytic domains ( Figure 2S (c)) produced several low-energy linker conformations. In the linker models, residues 373 to 377 adopt approximately the same conformation as in the initial sequestered state, residues 378 to 382 adopt a new turn, and residues 383 to 387 connect to and extend the α-helix at the N-terminus of the catalytic domain.
An attempt to reposition the FokI cleavage domains even a single base pair away from its 9/13 cleavage site resulted in clashes or large changes in distance between the C-terminal end of the recognition domain and the N-terminus of the FokI cleavage domains. When the cleavage domain was moved one or more base pairs further from the recognition domain, the distance between the two domains became too large to be spanned by the native FokI linker without at least breaking the intramolecular contacts at residues 373 to 377, or stretching into an extended conformation. Conversely, positioning the FokI cleavage domains on DNA closer to the target site resulted in steric clashes between the recognition and catalytic domains (Table 1S(a)).
Chimeric I-SceI/FokI enzymes were designed by first modeling the FokI catalytic domain dimer on DNA at different positions downstream of the I-SceI homing endonuclease. The distance from the C-terminus of I-SceI to the N-terminus of each monomer of the FokI cleavage domain dimer was measured (Table 1S (b)), and linkers were designed to span this distance. We found that the N-terminus of at least one of the FokI catalytic domains is between approximately 20 Å and 35 Å of the C-terminus of I-SceI when the cleavage domain dimer is positioned to cut 1/5, 2/6, or 3/7 nucleotides downstream of the I-SceI target site ( Figure 3S ). Theory for the end-to-end distance of flexible polypeptides as a function of the number of residues predicts that this distance can be spanned by linkers in the range of 10-20 residues (4, 5) . A shorter, ten-residue linker would be expected to favor the 1/5 position, which is closer to the I-SceI target sequence; conversely, a longer, 20-residue linker would be expected to favor the 2/6 and 3/7 positions, which are further from the I-SceI target sequence. We chose four novel linker sequences, two of which are ten amino-acid residues in length, and two of which are 20 residues in length. These designed linkers are rich in glycine, polar, and charged amino-acid residues, and contain few residues with preference for α-helical or β-strand secondary structure (6, 7) . In addition to the four designed linkers, we tested the linker from wild-type FokI, FokL, which is fifteen residues long.
The coordinates of the protein models are available by email on request. 
